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An N-acetyl-D-galactosamine-specific lectin has been isolated from the two seed forms 
of the hog peanut (Amphicarpaea bracteata) using an affinity support containing the 
synthetic type A blood group trisaccharide cY-D-GalNAc-(1,3)-[c-L-Fuc-(1,2)]-@-D-Gal 
(Synsorb A). The affinity-purified lectin appears to be identical in both seed types. Gel 
filtration on Sephadex G-200 gives a single symmetrical peak corresponding to M, 135,000. 
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis shows four subunit forms, 
each of which contains carbohydrate. Limited amino terminal sequencing indicates het- 
erogeneity in two of the first 10 residues. The lectin contains no cysteine. There are four 
equivalent, noninteracting GalNAc binding sites per 135,000-Da molecule, having an 
association constant for methyl N-acetyl-cu-D-galactosaminide of 4.0 X lo4 M-l. Precipitin 
and hapten inhibition studies show the lectin to be specific for terminal, nonreducing 
D-GalNAc units, with a preference for the cu-anomer and enhanced specificity for the 
disaccharide, GalNAccul,3GalNAc. There is also a single adenine binding site per M, 
135,000 lectin molecule with an association constant of 1.3 X lo6 M-l. o 1987 AcademicPress, IX. 
The anti-A lectin from Amphicarpaea 
bracteata (hog peanut) seeds (1) is one of 
several Leguminoseae lectins specific for 
terminal nonreducing D-GalNAc4 groups. 
The genus Amphicurpaea contains two seed 
types: one above ground and one which de- 
velops at the base of the stem, near or be- 
low the soil surface. The lectin was first 
isolated from the conventional aerial seeds 
by Blacik and co-workers (2) by affinity 
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phate-buffered saline (0.1 M Na phosphate, 0.15 M 
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PAGE, sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis; GlcNAc, N-acetyl-D-glucosamine. 
chromatography on a matrix prepared by 
coupling N-acetyl-D-galactosamine to ex- 
poxy-Sepharose 6B. The purified lectin was 
reported to be homogeneous by SDS-poly- 
acrylamide gel electrophoresis. Inhibition 
of hemagglutination established the car- 
bohydrate binding specificity to be D- 
GalNAc%>a-D-Gal>B-D-Gal. 
We report here purification of the lectin 
from A. bracteata from both types of seeds 
and further characterization of its physical 
and chemical properties. 
MATERIALS AND METHODS 
Isolation of lectin A. bmcteata seeds were collected 
in New Hampshire and from the Matthei Botanical 
Gardens of the University of Michigan. A crude ex- 
tract of A. brczcteata seeds was prepared using a mod- 
ified procedure of Blacik et al (2). Ground dried seeds 
were delipidated by two extractions with methanol 
(l/10, w/v), washed with dichloromethane, and air- 
dried. The material was extracted twice with PBS at 
4°C. The combined extracts were applied to an athnity 
column of high capacity Synsorb A (Chembiomed, Al- 
berta, Canada) which contained the synthetic blood 
group A trisaccharide, a-D-GalNAc-(1,3)jc-D-F’uc- 
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(1,2)]-B-D-Gal-Synsorb. Alternatively, GalNAc-Bio- 
Glas 1000 (Chembiomed) may be used as an affinity 
support. The column was washed extensively with PBS 
to remove unbound protein. The lectin was eluted with 
0.1 M N-acetyl-D-galactosamine (Pfanstiehl, Wauke- 
gan, IL) in PBS and dialyzed against PBS. A final 
wash with 0.1 M acetic acid, pH 3.0, removed a small 
amount of material which absorbed at 280 nm but did 
not stain for protein on gel electrophoresis. Lectin 
concentrations were determined by Lowry assay (3) 
using bovine serum albumin as standard. Lectin ac- 
tivity was assayed by hemagglutination of a 2% (v/ 
v) suspension of human type A red blood cells, with 
specific titer (mg-‘ml) expressed as reciprocal of the 
maximum serial dilution giving agglutination from a 
1 mg ml-’ solution. 
EZectrophoretic techniques. Polyacrylamide gel 
electrophoresis at pH 8.9 was run as described (4). 
Polyacrylamide gel electrophoresis in the presence of 
SDS was performed in 12% acrylamide gels according 
to Laemmli (5). Molecular weights were estimated 
using bovine serum albumin, ovalbumin, chymotryp- 
sinogen A, ribonuclease, and cytochrome c as stan- 
dards. Isoelectric focusing in the presence of 8 M urea 
was conducted as described (6) using Biolytes 4/6 and 
3/10 (Bio-Rad, Richmond, CA). Gels were assayed for 
the presence of carbohydrates using the thymol-sul- 
furic acid stain (7). 
Gel jltration. Analytical gel filtration was per- 
formed using a column (1.5 X 115 cm) of Sephadex G- 
200 superfine (Pharmacia, Piscataway, NJ) in PBS. 
The column was calibrated using human gamma 
globulin, bovine serum albumin, ribonuclease, and 
cytochrome c 
Sugars and derivatives. Preparation of methyl 2- 
acetamido-2-deoxy-a- and @-D-galactopyranosides and 
pazophenyl-/3-D-GalNAc-bovine serum albumin 
conjugate has been described (8). Methyl 2-O-acetyl- 
a-D-galactopyranoside and methyl 2-N-benzamido-2- 
deoxy-a-D-galactopyranoside were prepared by Dr. R. 
Kaifu as described (9). The disaccharides a-D-GalNAc- 
(1,3)-D-Gal, a-D-GalNAc-(1,6)-D-Gal, and P-D-Gal- 
NAc-(1,6)-D-Gal were synthesized by N. Plessas of this 
laboratory. Additional sugars were from Pfanstiehl 
Laboratory (Waukegan, IL). 
Quantitative precipitation inhibition assay. The car- 
bohydrate binding specificity of the lectin was deter- 
mined by a precipitin inhibition assay as described 
(10). Lectin (16 pg) was mixed with hog A + H gastric 
mucin (10 pg) to which varying concentrations of 
haptenic sugars were added in a final volume of 0.2 
ml. After incubation at 25’C for 48 h, the tubes were 
centrifuged and the precipitates were washed with 
PBS (0.4 ml). The washing procedure was repeated 
twice. The precipitates were dissolved by addition of 
0.1 ml 0.5 M NaOH and, after standing for 1 h, protein 
was determined by a micro Lowry assay (11). 
Equilibrium dialysis. Binding of [“Clmethyl N-ace- 
tyl-a-D-galactosaminide and [“Cladenine (New 
England Nuclear, Boston, MA) were determined in 
microdialysis cells (Technilab Instruments, Inc., Pe- 
quannock, NJ) using 0.3-ml volumes of lectin and li- 
gand in PBS. Following equilibration at 4”C, the con- 
centration of [“Qnethyl a-D-GalNAc in each chamber 
was determined by scintillation counting of duplicate 
aliquots. 
Amino terminal sequence analysis was performed 
by the University of Michigan Protein Sequencing 
Facility using manual Edman degradation (12). Amino 
acid analyses were done by HPLC analyses of phen- 
ylthiocarbamyl amino acids (13). Cysteine was deter- 
mined as cysteic acid. 
Carbohydrate analysis. High-performance liquid 
chromatography analysis of carbohydrates was per- 
formed by Dr. Fulvio Perini at the University of 
Michigan (14). Concanavalin A-Sepharose was pur- 
chased from Pharmacia. 
RESULTS 
Pur&aticm of the A. bracteata lectin. 
Application of the crude extract from A. 
bracteata to Synsorb A resulted in quan- 
titative retention of hemagglutinating ac- 
tivity. The bound lectin was eluted with 0.1 
M GalNAc (Fig. 1). Subsequent washing 
with 0.1 M acetic acid eluted additional 
material which absorbed at 280 nm. How- 
ever, this material did not agglutinate type 
A erythrocytes; nor did it stain for protein 
on SDS-gel electrophoresis. 
Yields of lectin varied from 100 to 800 pg 
per gram of seeds, depending upon the 
source. The subterranean seeds gave 
slightly higher yields than the aerial seeds. 
Physical-chemical properties of the l&in, 
Affinity purified lectin gave a single sym- 
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FIG. 1. Affinity purification of A. bracteata lectin on 
Synsorb A. Lectin in PBS was applied to the column, 
washed with PBS until the absorbance was less than 
0.03, then eluted with 0.1 M GalNAc in PBS. 
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metrical peak upon gel filtration with M, 
135,000 (Fig. 2). After extensive dialysis 
against distilled water, the lectin was ly- 
ophilized and dried to constant weight in 
‘UUCUO at 100°C. The protein was dissolved 
in PBS and the absorbance at 280 nm was 
recorded. An extinction coefficient was de- 
termined to be 13.6 E&$. A single diffuse 
band was obtained upon polyacrylamide gel 
electrophoresis at pH 8.9 (Fig. 3B). SDS- 
PAGE showed four bands of M, 32,000, 
30,000, 28,000, and 27,500 (Fig. 3A). Incu- 
bation of the lectin with ,&mercaptoethanol 
did not alter the profile. Isoelectric focusing 
in 8 M urea resulted in several bands with 
apparent ~7s of 5.5-6.5 (Fig. 3C). SDS- 
PAGE of protein recovered from focused 
bands, however, revealed the presence of 
more than one subunit type. Thus part of 
the charge heterogeneity seen upon iso- 
electric focusing may be an artifact due to 
incomplete dissociation in 8 M urea. 
Staining of SDS gels with thymol-sul- 
furic acid indicated that all the lectin bands 
contained carbohydrate. Carbohydrate 
analysis showed the lectin to be a glyco- 
protein containing 4% carbohydrate by 
weight, consisting of glucosamine, man- 
nose, galactose, fucose, arabinose, and xy- 
lose residues in the molar ratio 4:3:2:1:2:2. 
The lectin was quantitatively retained on 
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FIG. 2. Gel filtration of A. bro.cteuto lectin (ABL). 
Molecular weight markers used were human gamma 
globulin (hgG, Iw, 153,000); bovine serum albumin 
(BSA, M, 68,000); ovalbumin (OVA, df, 43,000); RNase 
(M, 13,800); and cytochrome c (CYTc M, 12,700). 
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FIG. 3. Polyacrylamide gel electrophoresis of A. 
brmteata lectin. (A) pH 8.9 PAGE; (B) SDS-PAGE; 
(C) isoelectrofocusing of Iectin in 8 M urea. 
a concanavalin A-Sepharose column and 
was eluted by 0.1 M methyl a-D-manno- 
pyranoside confirming the presence of 
mannose-terminated and/or 2-o-a-D- 
mannopyranosyl-containing oligosaccha- 
ride chains. 
Amino acid analysis data for A. bradeata 
lectin are shown in Table I. Amino acid 
composition was computed on a mol/lOOO 
mol basis and was compared to the data 
from Blacik et al. (2). The present data are 
in agreement with the previous work, in 
that the lectin is rich in serine, leucine, as- 
partic acid, and glutamic acid. However, 
some notable differences were found. The 
content of histidine was much lower than 
previously reported, and the amount of 
methionine found by this laboratory was 
only 1 residue11000 mol versus 18.8 resi- 
dues/1000 mol found earlier. Cysteine was 
absent. 
Amino terminal sequence data for the 
A. bracteata lectin are shown in Fig. 4. 
Equal amounts of serine and threonine 
along with smaller quantities of glycine, 
alanine, and aspartic acid were released on 
the first cycle of degradation. Subsequent 
cycles gave one predominant residue, ex- 
cept the fifth cycle, which released equi- 
molar amounts of serine and proline. 
Carbohydrate bind&g spec$i&. Equi- 
librium dialysis using [14C]methyl N-ace- 
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TABLE I 
AMINO ACID ANALYSIS OF THE LECTIN FROM 
Amphicarpaea bracteata 
Residues/1000 mol 
Amino acid New Hampshire Illinois 
residue seeds seeds” 
ASP 121 113 
Thr 74 60.7 
Ser 132 139 
Glu 77 129 
Pro 40 39.5 
GUY 105 114 
Ala 75 88.3 
Val 75 31.3 
Met 1 18.8 
Be 54 38.5 
Leu 96 75.8 
Tyr 28 13.3 
Phe 52 35.1 
His 15 47.1 
LYS 43 44.5 
Arg 13.0 12.0 
CYS 0 -* 
a Data taken from Blacik et al. (2). 
*Not available. 
tyl-a-D-galactosaminide as binding ligand 
indicated four equivalent, noninteracting 
sugar binding sites per molecule (il& 
135,000), with K, = 4.0 X lo4 M-’ (Fig. 5). 
A strong precipitin reaction was observed 
upon mixing A. bracteata lectin with hog 
mucin A + H substance. Weak precipitin 
reactions were also observed with type A 
blood group substance and p-azophenyl+ 
GalNAc-bovine serum albumin conjugate. 
No reaction was detected with guaran or 
bovine submaxillary mucin. A precipitin 
curve of A. bracteata lectin with hog A + H 
substance is shown in Fig. 6. 
a. iwc.mu (;) G T  V ([) F D I N K 
6. HAX A ETV S FSWNK 
n. BlLLQus A NTQ S FSFQN 
FIG. 4. Comparison of N-terminal sequence of the 
lectin from A. bra&ate. with those from Glycinc max 
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FIG. 5. Scatchard plot of the binding of r%]GalNAc 
to A. bracteata lectin. A. bracteatu (0.81 mg/ml) and 
[“C]GalNAe (30-500 PM) were rotated at 4°C for 48 
h; 100~pl samples were counted to determine the con- 
centrations of bound and free Iigand. 
Inhibition of the precipitin reaction with 
hog A + H substance was used to further 
characterize the carbohydrate binding 
specificity of the A. bradeuta lectin. Results 
of precipitin inhibition studies are sum- 
marized in Table II. Except where noted 
all 50% inhibition values were determined 
from complete inhibition curves. D-GalNAc 
was found to be 50-fold more potent an in- 
hibitor than MecuGal, which compares well 
with the loo-fold difference observed by the 
hapten inhibition of hemagglutination 
technique (2). There is also good agreement 
between the methods as to the relative po- 
tencies of lactose and GlcNAc. The CY- 
I 
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FIG. 6. Precipitation of A. bracteata lectin by hog A 
+ H gastric mucin. 
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TABLE II 
Amphicarpaea bracteata LECTIN 
PRECIPITIN INHIBITION 
Sugar 1% (mMa) 
pNOaPhe &GalNAc 0.15 
(2-N-Benzamido)MeaGalN 0.16 
MecuGalNAc 0.18 





GlcNAc 1: (42) 
1 a”’ 2.0 








’ la is l-[4(N-acetyl-cr-D-galactosaminyl)phenyl]-3- 
(2,2,6,6-tetramethylpiperidin-l-oxyl-4-yl)-2-thiourea; 
Berliner, et al (19); lb is the p anomer of la. 
*Numbers in parentheses give percentage inhibition 
at the concentration tested. 
methyl glycoside of GalNAc was I-fold 
more inhibitory than the B-methyl glyco- 
side. 
The pnitrophenyl cu-glycoside of GalNAc 
was only slightly more potent than the /3- 
anomeric derivative (0.16 vs 0.23 mM), but 
the pnitrophenyl /3-glycoside was four 
times more potent than the methyl /3-gly- 
coside, suggesting a possible interaction of 
the protein with the P-pnitrophenyl group. 
Modifications at the C-2 position had little 
effect on binding to A. bracteata lectin. Re- 
placing the amide nitrogen of Me (Y- 
GalNAc with oxygen (methyl 2-O-acetyl- 
a-D-galactopyranoside) decreased binding 
slightly. 
Several disaccharides terminating in 
GalNAc were also studied. Of these, the 
Forssman disaccharide (GalNAccul,3Gal- 
NAc) was the most inhibitory (Kr = 0.067 
mM). Although the lectin is specific for ter- 
minal, nonreducing GalNAc residues, the 
nature of the glycosidic linkage also ap- 
pears to have a significant effect on binding. 
Specifically, a(1,2) and (~(1,3) linkages are 
better inhibitors than disaccharides con- 
taining a(1,6) linkages. 
This lectin was also found to bind ade- 
nine very tightly, with K, = 1.3 X lo6 M-’ 
(Fig. 7). Equilibrium dialyses indicated a 
single adenine binding site per molecule of 
iV, 135,000. This property puts the lectin in 
a class with several other legume lectins 
which have been observed to contain an 
adenine-specific binding site along with 
their carbohydrate binding site (21). 
DISCUSSION 
Synsorb A is an effective affinity support 
for purification of the A. bracteata lectin. 
Yields vary from seeds collected in differ- 
ent locals, the New Hampshire seeds con- 
taining the most lectin. 
Blacik and co-workers found the lectin 
to be homogeneous upon electrophoresis in 
SDS (2). An apparent molecular weight 
was not reported. Our results indicate that 
the lectin consists of multiple subunit 
forms, which differ in both size and charge. 
Subunit heterogeneity has also been re- 
ported for a number of other GalNAc 
binding lectins such as lima bean (6) and 
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FIG. ‘7. Scatchard plot of binding of [“Cjadenine to 
A. bra&&z lectin. A. bra&&u lectin (1.0 mg/ml) and 
[“Cjadenine (5-400 PM) were rotated at 25°C for 24 h; 
lOO-~1 samples were counted to determine the con- 
centrations of bound and free ligand. 
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A. lYracteata lectin on SDS-PAGE and the 
absence of cysteine suggest the subunits 
are bound together by noncovalent inter- 
actions. Based on the intact molecular 
weight of 135,000 determined by gel filtra- 
tion and the subunit molecular weights 
measured by SDS-PAGE, the native lectin 
probably occurs as a tetramer. 
Amino terminal sequence data for the 
A. bructeata lectin provides further evi- 
dence for subunit heterogeneity. The vari- 
ation in residues at positions one and five 
probably reflect distinct N-termini for the 
subunits. Resolution of these results will 
require isolation of individual subunits. 
Comparison of this sequence with the N- 
termini of other lectins reveals greatest 
homology with soybean agglutinin, there 
being identical amino acid residues in at 
least five of the first 10 positions (16). This 
is consistent with assignment of A. brat- 
teata and Gl@ne max (soybean) to the 
same subtribe, Gl~cineae (17). The low 
content of sulfur containing amino acids 
found by this laboratory is also in accord 
with related legume lectins. 
Hapten inhibition studies using the hog 
A + H gastric mucin-A. bructeata lectin 
system confirm the essential monosaccha- 
ride specificity reported previously, based 
on inhibition of hemagglutination (2). The 
monosaccharide specificity was further ex- 
amined using several derivatives of methyl 
a-N-acetyl-D-galactosaminide. The lectin 
tolerates a number of alterations at the C- 
2 position; methyl 2-N-benzamido-a-D- 
galactosaminide is as good an inhibitor of 
precipitation as methyl N-acetyl-cY-D-ga- 
lactosaminide, and methyl 2-0-acetyl-cY-D- 
galactoside is only slightly less inhibitory. 
It is interesting to note that substitution 
of the 2-N-acetyl moiety with a benzamido 
group enhances binding to lima bean lectin 
(18) but inhibits binding to D. &$orus lec- 
tin (8). 
Precipitin inhibition studies also show 
the lectin to have a marked preference for 
the cY-anomeric form of methyl GalNAc. 
However, the (Y- and B-anomers of pnitro- 
phenyl N-acetylgalactosaminide and 
GalNAcl,GGal have similar inhibition con- 
stants; l-[4-(N-acetyl-P-D-galactosami- 
nyl)phenyl] - 3 - (2,2,6,6- tetramethylpiperi - 
din-1-oxyl-4-yl)-2-thiourea binds much 
more tightly than the a-anomer in electron 
spin resonance studies (19). These results 
indicate that the lectin readily accommo- 
dates certain hydrophobic groups in the p- 
anomeric configuration. It is also apparent 
that the nitroxyl group sterically interferes 
with binding of the a!-anomer of the spin 
labeled glycoside. The lectin from A. brac- 
teuta does not exhibit the pronounced en- 
hancement of binding of the pnitrophenyl 
glycosides of GalNAc observed with Gr$- 
fiia simplicifoliu isolectin I-AI (20). 
Examination of the inhibitory potency 
of several disaccharides containing non- 
reducing GalNAc termini revealed the 
Forssman hapten (GalNAccul,3GalNAc) to 
be the best inhibitor. It also appears that 
the cu(1,2) and a(1,3) linkages are accom- 
modated more readily than the (u&6) 
linkage. 
Isolation of the individual subunits has, 
so far, been unsuccessful. Anion-exchange 
chromatography and chromatofocussing in 
8 M urea have resulted in profiles contain- 
ing mixtures of subunits. Dissociation by 
urea, even up to 10 M, with heating, does 
not appear to be complete. Detergents such 
as SDS and cholate are most effective. Sep- 
aration by size has been unsuccessful due 
to the small differences in molecular 
weight. Further attempts to separate these 
subunits are in progress. 
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